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LOhWEED DRAG OF CYLINDERS OF VARIOUS SHAPES

By Noel K. Del-anyand Norman E. Sorensen

SUMMARY

An investigationhas been conductedto find the apprcWmate variation
of the drag coefficient with Reynolds number of several cylinders having
different cross+3ectional shapes. Data were obtained for circular cy~
ders, elliptical cylinders of two fineness ratios, rectangular and dia-
mond cylinders of three ftienessratios, and two isosceles triangular
cylinders (apex forward and base forward). Three differqnt corner radii
were tested on each of the shapes, except for the circular and elliptical
cylinders. Data were obtained for Re@Ms numbers as low as 11,000 and
as high as 2,300,000. For some cylinders, frequencies of pressure fluc–
tuations in the wake were measured for a limlted range of Reynolds nunibers.

INTRODUCTION

A method of estimating the effects of viscosity on the forces and
moments for incl.im,dbodies has recently been suggested (e.g., see refs.
lana 2). In the proposed method, the crossflow in planes perpendicular
to the inclined axis of the body has been related to the flow sound a
cylinder, and, hence, the resulting cross forces are related to the sec-
tion drag coefficient. The use of the method requires a Iumwledge of the
section tiag characteristics of cylinders. For bodies of revolution, the
drag coefficient of a circular cylinder may be used, for which data are
plentiful. However, for bodies with cross-sectional shapes other than
circular, drag data are meager (e.g., see ref. 3). It is the purpose of
this report to present drag coefficients over a fairly wide range of
Reynolds nunibers(R = ld to 2 X l@) for a variety of cross sections.
The measured drag coefficient for the circular cylinder in the sub-
critical Reynolds number range was lower than the generally accepted
value. Eliminating the
have complicated unduly
was allowed to remain.

b frontal width of

bo frontal width of

cause of this discrepancy, end leakage, would
the testing technique, and, hence, the leakage

SYMBOLS

cylinder

basic cylinder without rounded corners
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streamwise dimension of cylinder

streamwise dimension of basic cylinder

drag coefficient, drafzmrunitlu?tlle e
q?)

frequency of vortex discharge from one

free+ tream Mach nw?iber

free-stream dynsmic pressure

Reynolds number based on c

cross~ectional corner radius of cylinder
●

fre~tream velocity

without rounded corners

side of cylinder

cross-sectional

cross-sectional

Strouhal number

ftieness ratio of basic cylinder

corner-radius ratio of Cyklllder

CORRECTIONS

The drag coefficients and Reynolds nunibershave been corrected for
the effects of the w~tunnel walls by the method of reference k. The
corrections used were as follows:

= Cdt — [2–(

(Ex”)’

M’)2][1 + 0.4(M’)2) b
cd

1- (M’)2

R=R~+ D-0.7 (M’)21[1+0.4(M’ )21 b cd, R,

1 –(M’)2 ()G

.
The primed values are the uncorrected values.
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ITocorrectionhas been
leakagewhere the cylinders

3

made for the effect of spanwise flow due to
passed through the tunnel walls or due to the

boundary layers on the walls of the wbd tunnel.

MODEL DESCR12TION AND APPARATUS

To obtain data aver the desired Reynolds nniber range it was neces-
sary to construct cylinders of three different sizes for each cross-
sectional shape. Sketches of the cross~ectional shapes and the charac–
teristic dhensions are presented in table 1. The size of each cylinder
is designated by a nominal dimension (either 1, 4, or 12 inches) which
corresponds to a dhension of the basic cross-sectional shape. For the
circles snd ellipses the nominal tiension is the diameter or major sxis.

‘ For the cylinders with basic cross sections composed of straight lines,
the nominal dimension is the length of the longest side, except for the
isosceles triangle for which the length of the base was taken as the
nominal dimension and the diamond for which the longest diagonal was taken
as the nominal dhension.

The cornersof all the cylinders were rounded so that the cylinders
of different sizes had comparable corne~radius ratios (r/bo). The three
radius ratios for the X&inch cylinders were obtained by successively
rounding the corners with radii from 1/4 inch to a maximum of 4 inches.
The corners of the &inch cylinders were rounded to “correspondto only
the smallest and largest radius ratios of the Pinch cylinders. Only the
smallest radius ratio was tested on the l–inch cylinders.

The U- and &inch cylinders were constructed of pine and were lac–
quered to produce highly polished surfaces. All the W- and &inch cyl-iR
ders were mounted vertically in the test section of the wind tunnel
(fig. 1). The clearances or gaps between the ends of the cylinders and
the wini14unnel walls were of the order of l/16 inch. Foqce ~asurements
were made by means of the wtnd+tunnel balance system with these gaps
unsealed.

The l-inch cylinders were co~tructed of metal with smooth ground
surfaces. These models were mounted between end plates (fig. 2) with gaps
between the end platesand the moul of about 1/32 ~ch. me forces were
measured by means of a stra~age balance (fig. 3).

The accuracy of each cylinder was checked at several spanwise loca-
tions by means of templates. A visual check showed that both the contour
accuracy and straightness of the cylinders were satisfactory.

Measurements of the frequency of the pressure fluctuations were made
in the wake for a number of the U-inch cylinders by means of a pressure
sensitive cell mounted in the tip of a probe. The cell was brought to
within I-2to 18 inchesof the downstream surfaces of these cylinders and
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then located so that the pressure fluctuations produced by the vortices
shed from one side of the cylinders could be measured. In a few cases,
simultaneousmeasurements were made on both sides of the wake with a pair
of cells.

The testsweremade in the Ames 7– by l&foot wind tunnel. The vari-
atidn of the average fre~tiesm velocity and Mach nuniberwith Reynolds
nmiber is shown h figure 4.

RESULTS

The variations of drsg coefficient with Reynolds number for the
various cylinders tested.are presented in figures 5 to 14. The data for
the circular cyllcd.erare presented in f-e 5; the fineness ratio 1:2
and 2:1 eU.ip3es in figure 6; the fineness ratio 1:2; 1:1, end 2:1 rec-
tangubr cylinders in figures 7, 8, and 9; the finenessratio1:2,1:1.,
and 2:1 &kIJIOndcylinders in figures 10, 11, and 12; the isosceles tri–
~ cYUrs with the apex forwsrd and with the base forward in
figures 13 and 14. Also shownin threefiguresis the variationof
Wrouhal muiberwith Reynoldsnuriberfor thosecaseswheremeasurements
of the pressure fluctuations in the wake were made.

Comparison of the values of the drag coefficients for a circuler
cyldnder from references 5 and 6 with the data of the present investiga-
tion (fig. 5) indicatessizable Ufferences for subcritical Reynolds
numbers (R = 1.3 x lo4 to 2.5 x 105). The values of the drag coefficient
obtahed for the & and 12-inch circular cylinders are approxhately 1.0,
as compexed to 1.2 obtained in the preciously cited investigations. This
difference in the drag coefficient was due to the flow of air through the
gaps in the tunnel walls at the ends of the model. Pressure distributions
(not presented) measured at the midspan of the cylinders with the gaps
between the win&tunnel walls and the cylinder sealed and unsealed indi-
cated this to be true. The effect of sealing the gaps was to decrease
the pressure on the lee side of the cylinder. This effect is assumed to
be the result of preventing the fluw of air of approximately fre~tieam
static pressure into the separated region on the lee side of the cylinder.
It was not pssible to evaluate the effects of the end leakage on the
drag coefficient of the circular cylinder at supercriticalReynolds num-
bers because the drag coefficients could not be calculated tiom the pres-
sure distributionswith sufficient accuracy. However, comparison with the
data of references 5 and 6 indicates that the critical Reynolds number
ranges are in good agreement, and at supercriticalReynolds nmibers of
5 X 105 and 6 X UP, the agreement of the drag coefficients is reasonable.

Some influence of end leakage on the drag measurements for all the
other cylinders may have been present also. It is felt that the data are
sufficiently accurate to indicate, at least qualitatively, the changes in

.
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drag of the vsriousshapes(ellipses,rectangles, diamonds, and triangles)-
with corner radius ratio and fineness ratio.

.,

TableI presents values of the drag coefficient at Reyruildsmmibers
of 105 (except where the lowest test Reynolds nuniberwas about 2 x 1~)
for the vsrious shapes tested. Examination of these data indicate that
the drag coefficient either remained essentially constant or decreased
with an increase of the corner radius ratio and that, in general, the
drag coefficient decreased with increasing fineness ratio.

Althoughthe Strouhalnmiberdatawere meager,comparisonof the
data of figures5 to 14 imll.catesthat at subcritical Reynolds numbers
the Strouhalnunibers for all the shapes were close to 0.2.

At supercriticalReynoldsnumbersthe Strouhalnmiberdatapresented
are for the predominantfrequencies encountered, with the exceptionof
the finenessratio2:1 rect&@_e wherethe disturbancesin the wakewere
periodicand had avalue of about0.4.

Ames AeronauticalLaboratory
NationalAdvisorYCommitteefor Aeronautics
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!CABIFi 1.- GMOM3TRIC AED DRAG CH4RAUEEISTICS

[AM. ~lmensfons h tithes]
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(a) U&inch circular cylinder.
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F@ure l.- Method of mounting l&inoh and &inch oylindem in the wind tunnel.
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Figure 2.– Method of mounting l–inch cylinders between end plates in the
wind tunnel.
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Rgure 7 .–Variation of drag coefficient and Strouhal number with Reynolds
number for the 1:2 fineness ratio rectangular cylinders.
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Figure 8.–Variation of drag coefficient and Strouhal number wlfh Re~olds
rwmber for the /:1 fineness ratio rectangular cyhnders.
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Figure 9 .–Variation of drag coefficient and Strouhal number with Reynolds
number for the 2:1 fineness raho rectangular cylinders.
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